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FOREWORD
This report summarizes the findings of close-coupled
canard research performed by the Aviation and Surface

Effects Department of the David W. Taylor Naval Ship Re-

search and Development Center. The work was performed

between 1970 and 1974 and was funded by the Naval Air

Systemsxéémﬁénd (AIR 320). The purpose of the report is

to provide a summary of the aerodynamic findings obtained
from a series of wind-tunnel evaluations involving three

genéral research models and the F-4 aircraft. The report

is presented in four volumes: Volume 1: General Trends;

Subsonic Speed Regime; Volume 3:

Supersonilc Speed Regime; and Volume 4:
Aircraft.

Volume 2: Transonic-~-

¥~4 Phantom II
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ABSTRACT

A summary of the general findings of close~coupled

. canard research at David W. Taylor Naval Ship Research
~ and Development Center is presented. These findings are

b based on a series of wind-tunnel evaluations utilizing
v : an aircraft research model having wings of either 25- or

: 50-degree leading edge sweep.

Discussed is the effect of canard placement on life,
drag, and pitching moment and the location of optimum
position for canards of different planform. In addition,
the effects of canard-wing interference, canard deflec-
tion, size, and Mach number are described.

ADMINISTRATIVE INFORMATTON
This work was undertaken by the Aircraft Division of the Aviation and
Surface Effects Department of the David W. Taylor Naval Ship Research and
‘Development Center (DINSRDC). The program was sponsored by the Naval Air
Systems Command (AIR 320) and was funded under WF 1-41421-09, Work Unit
1600-078.

i INTRODUCTION
The Wright Brothers used a canard geometry on the first aircraft.

. ' Since that time, however, there have been few attempts at utilizing canard
surfaces on manned aircraft. The few attempts that have been made were
generally used as control devices and suffered numerous problems, as in the
case of the Curtiss Ascender aircraft where stall problems of the wing and
canard were serious--even fatal. Missiles often had good success using
small canard surfaces utilized as control devices. .

The first really successful operational use of the canard can be
credited to the SAAB AJ-37 Viggen aircraft. The canard utilized on the
Viggen is of a close-coupled canard as opposed to the missile type or long -
canard. The respective location of the canard in each of these cases is
shown in Figure 1. ‘

Reference 1% presents the philosophy and methodology utilized in the
basic design of the canard-wing system of the Viggen aircraft. The design

is based on the mutual interaction between the vortex systems of two highly

’ *A complete reference is given on page 55,




LONG-COUPLED CLOSE-COUPLED

S |
/

l/

Figure 1 - Canard Geometry

swept delta wings in order to stabilize the vortices and thus’deveiop high
1ift coefficients for good short takeoff and landing (STOL) performance.
That the Viggen program did succeed in this goal is aptly demonstrated by
the values shown in Table 1. The table presents data for three aircraft:
(1) a conventional wing-tail aircraft, the F~4 Phantom II; (2) a pure
delta-wing aircraft, the F-106 Delta Dart; and (3) a close-coupled canard-
wing aircraﬁﬁ; the Viggoen.

The Viggen har approximately 65 percent more lift coefficient (GL) on
approach than the pure delta, although the wing loadings are approximately
the same. This gain in CL results in a 34-knot reduction in approach

speed, thus assuring STOL capability. The gain in C. is attributable to

L
the fact that the canard can generate a large lifting force and thus a large

nose-up moment which is trimmed out by positive wing elevon deflections.
Such trimming geaerates a positive trim lift increase, The puré delta,
however, must utilize negative elevon deflections which cause a 1ift loss.
‘ For the Viggen to load the canard to high 1lift coefficients, it takes
advantage of the aforementioned vortex interactions. A sketch of these
interactions taken from a SAAB report is shown in Figure 2. The mutual
interactions allow the vortex systems to have greater stability and hence
higher 1ift than normal delta-wing configurations. Under these circum-
stances, the canard can lift to high values of canard normal force (CN)

without occurring stall, as shown in Figure 3.




TABLE 1 - APPROACH CHARACTERISTICS OF F-4, F-106, AND VIGGEN AIRCRAFT

McDONNELL DOUGLAS GENERAL DYNAMICS/CONVAIR SAAB.37

F.4 PHANTOM (U S.) F-106 DELTA DART (US.) VIGGEN [SWEDEN)
WING LOADING, POUNDS PER SQUARE FOOT 64 39 - 40
APPROACH SPEED, KNOTS 134 153 ) 18
APPROACH LIFT COEFFICIENT 1.04 0.48 084

CANARD ALONE
wemme CANARD HIGH, IN ,\\
PRESENCE OF WING
20 ) 5:: =

-/ 10 DEGREES

FROM REF. 1
(PG, 10}

i 1 i i 1
4] 10 20 30 40 50 &0

v a + 5., TOTAL CANARD ANGLE OF
ATTACK (DEGREES)

, CANARD NORMAL FORCE COEFFICIENT

Cn

Figure 2 - Vortex Interaction Figure 3 - Effect of Wing~Canavrd
Patterns Interaction on Canard Normal
Force Cocfficient




In order for this strong system of varticies to occur, highly swept
planforms are required (A > 60). Navy aircraft, however, have almost ex-
clusively been built with low-to-moderate swept wings (A < 50). These low
sweep angles have been dictated by the special requirements of carrier
aviation such as aircraft size and approach speeds, as well as overall mis-
sion requirements such as range and/or endurance. Carrier approach speeds

must be low, dictating either a high 1lift curve slope (CL ) or a light wing
o
loading (W/S). However, light wing loading is detrimental to range and to

overall aircraft size. Therefore, most Navy aircraft tend to have wing
loadings in the range of 60 f_W!S < 100 pounds per square foot and low
sweep angles in order to attain good 1lift characteristics and performance.
The Viggen aircraft showed such significant promise that it was decided to
investigate canard configurations further for use with wings having other
than delta planform. '

In order to accomplish this task, an extensive wind tunnel and analysis
program was undertaken at the David W. Taylor Naval Ship Research and De-
velopment Center. The program began in 1970 and was completed in 1974.
The initial program utilized a 50-degree swept wing research model with
varying canard shapes, sizes, and positions. Later a 25-degree swept wing
was utilized and many of the same canard parameters were repeated. Final-

ly, a realistic aircraft configuration, the McDonnell F-4 Phantom II, was

evaluated with a canard.

A listing of the various wind-tunnel evaluations and, where appro-
priate, the DINSRDC report number are shown in Table 2.

The results of this series of wiﬁd—tunnel evaluations are discussed
in this and the succeeding volumes. The first volume deals with general
trends of close-coupled canards as applied to nondelta wings, including
the effects of Mach number, wing sweep angle, interference effects between
canard and wing, and canard placement, deflection, shape, and size. The
second volume del’.eates, in more detail, the aforementioned parameters at
subsonic s?eeé. The third volume of this series deals with the canard in
the transonic and supersonic speed regime. Included in this third volume

is information on buffet. The fourth (final) volume is concerned with the




TABLE 2 - DTNSRDC CANARD WIND~TUNNEL

PROGRAM

DTNSRDC ,
Date Tunnel ASED Report Main Variable
2§§f;=’ Jun 1970 | Subsonic AL 199 Canard size, position,
. deflection
: Dec 1970 | Subsonic -~ Wing L.E. and droop,
z Z jE comparison with hori-
zontal tail
Dec 1970 | Transonic | AL 81 Canard position, de-~
EEijiﬁ;=’ flection, comparison
with horizontal tail
May 1971 | Subsonic AL 253 Canard Position,
deflection
f?ji:§§;=" Jul 1971} Supersonic —— Canard position, de-
flection, buffet
Aug 1971 | Subsonic - Build-up data, canard
‘ interference
Z;;€7"’ Sep 1971 | Subsonic AL 91 Canard shapes, flow
: visualization studies
Sep 1971 | Transonic | AL 87 Canard position, de—
flection, comparison
with tail, buffet
Nov 1971 | Transonic | AL 88 Canard shape, position,
deflection, buffet
Mar 1972 | Transonic | AL 293 Canard size, position,
Ej\LZ;;jEET’;’ deflection, aileron
efficiency
Jan 1973 | Subsonic ASED 304 Double delta canard,
flaps and slats
Mar 1973 | Transonic | AL 303 Double delta canard,

simulated free-float,
slats




feasibility of adapting the canard to an operational aircraft, the F-4,
and describes the gains in performance, the effects of the canard on flaps
and ailerons, and the characteristics of the canard when it is allowed to
free-float. | o

The main thrust of the DINSRDC program was to improve high angle-of-
attack maneuvering performance witheut sacrificing low angle-of-attack
cruise performance for low-to-moderate-swept-wing aircraft. This goal was
successfully accomplished and has demanstrated that close-coupled canards
are a viable option for future Navy aircraft. Additionally, it was demon-
stratedythat'the close—-coupled canard is not limited to use with highly

swept delta-wing aircraft but is adaptable to aircraft of lower wing sweep.

DISCUSSION
CANARD-WING COUPLING
The cenveﬁtienai aft-mounted horizontal tail muét produce a negative
lifting foéce to provide a stabiiizing'fa:ce, The canard, on the other
hand, produces a positive lifting force (adding to the total vehicle 1lift)
when providing a stabilizing force. Thus, a canard configuration has a
higher maximum 1lift coefficient than the tail configuration. The amount of

increase in CL is primarily a function of the canard-to-wing area ratio
max

(SC!Sw) and canard placement. Furthermore, it was shown that by propér
positioning of the canard-wing system it is possible to attain total lift
greater than the sum of the lift of the individual components. Examples

of this are shown in Figure 4 where the percentage change in CL versus

max
canard-wing area ratio alsoc is shown. The data are based on various

National Advisory Committee for Aeronautics (NACA) as well as DINSRDC con-
figurations. The NACA tcnfiguraticns included the supcrsonic bomber SST
type aircraft, however, several general research models were also tested.
The values in brackets are the distance ratio between the wing 0.25 mean

aerodynamic chord, E, and the 0,40 exposed root chord of the canard. As

can be seen, moving the canard further forward causes a large change in
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CL' and, in fact, mav reduce the value below that which could be obtained
-“max : :

merely by addition of the canard area to the wing area.

If the canard, however, is brought within 1.5 wing chords of the mean
aerodynamic chord (MAC), a different situation develops. Here, there is a
favorable interference between canard and wing and the maximum 1ift ob-
tained is greater than that which would occur due to the addition of the
canard area to the wing area. The following discussion will be concerned

with the range of (x/c) between approximately 0.5 to 1.5.

HIGH VERSUS LOW CANARD

It is possible to obtain a lower C for the canard configuration

L
max

than for the wing alone depending on the vertical placement. In order to
obtain favorable interference, it is necessary to place the canard either

in the plane of the wing or above the wing plane. A comparison of the lift




